BRI DG NG HANGER AND SEAL RUNNI NG TOOL Field of the Invention, [0001] This
technique relates in general to tools for running well pipe hangers in
subsea veils, and in particular to a running tool that can set arid test a
bri dgi ng hanger and a paekoff seal in one trip. Background of the

| nvention: [0002] A subsea well of the type concerned herein will have a
wel | head supported on the subsea floor. Casing hanger running tools perform
many functions such as running and | andi ng casing strings, cenenting
strings into place, BEHPGCINGIHANGERAND SEFAIN RPN KYGIEOODne or nore
strings of easing will be lowered into the well head fromthe surface, each
supported on a casi ng hanger. The casing hanger is a tubular nenber that is
secured to the threaded upper end of the string of casing. The casing
hanger | dfidkl afithaleendiiony shoul der in the wel |l head, or on a previously

i nstal | edhanger having | arger di neter easing. Cenentpunped down the string

of easi nqoo®1]fTiayvtdohgique! pelitBe iragdhetalso o rifveing iwelNGp®hark@s MGubsea
Afterward, a packoff is positioned between tile well head bore and an upper

portion Qfelishen®as bAGicMRPELh rudiths t88ahs LdACseEand Rkt Q%}S%qdn%?e eHSind LO003]

Once a packoff is Set it is often"tested by applying f sure to an

upper g‘%&ﬁ%f&&ﬁhp&%hﬁﬁf' I f the packofl has not been properly set, fluid
pressure ‘nay {ea past the annul us packoff, causing the casing to coll apse.

On rare casi ons e_packoff may be unable te pass the pressure test,
possiblyqﬁﬁ gPH"HEWQEsI YERt9R: i nterior wall of the wellhead housing. If so,

one renedﬁ is to install an emergency or bridging han?er in the
[0002] A subsea well of the type concerned herein will have a wellhead supported on the

subsea floor. Casing hanger running tools perform many functions such as running and
landing casing strings, cementing strings into place, and installing and testing packoffs.
One or more strings of casing will be lowered into the wellhead from the surface, each
supported on a casing hanger. The casing hanger is a tubular member that is secured to
the threaded upper end of the string of casing. The casing hanger lands on a landing
shoulder in the wellhead, or on a previously installed casing hanger having larger
diameter casing. Cement is pumped down the string of casing to flow back up the
annulus around the string of casing. Afterward, a packoff is positioned between the
wellhead bore and an upper portion of the casing hanger. This seals the casing hanger
annulus.

[0003] Once a packoff is set, it is often tested by applying fluid pressure to an upper side
of the packoff. If the packoff has not been properly set, fluid pressure may leak past the
annulus packoff, causing the casing to collapse. On rare occasions, the packoff may be
unable to pass the pressure test, possibly due to damage on the interior wall of the

wellhead housing. If so, one remedy is to install an emergency or bridging hanger in the



wel | head housi ng. The bridgi ng hanger does not support a string of casing,
but has an interior profile thatnormally the sanme as the profile in the
casi ng hanger. The operator |ands and seals the |ower portion of the

bri dgi ng hanger to the casing hanger. The operator installs a paekoff
'between the upper exterior portion, of the bridging hanger and the
wel | head housi ng above the casing hanger. The operator then runs the tubing
and | an .5, t p el i.dgi : In the
o or - argci Ao | 1R bHIRAP HAARRTloc Rol ARl LSLDR ghRamE i 2088 | N
casing hanger in one tri then install, a paekoff  betwe t he bridging
hanger Andtehecis Prnaofub e E a DR e B AR gl 3s PG

techni que that allows the running tool to |land and seal the bridging hanger
to the dadsngdhsgsethedqarer mettim oh thsabndgipe hangHdosRfer2 e 1208fe fIOFI owi ng
techni que may sol ve one or nore of these problens. Summary of the Inyentiom
[ 0005] lapertoransialdi arpankotifbetwieenphe sepdr exeasionipquwn o the hridgiges heegerseds and
tests a bridging hanger and allows a bridgi ng hanger packoff to be set and
tested ithe taéh&aNMBousingpaboVBehd tasiigBaricen! Ths operipri thed rafs o tubingranbody, a
pi ston, a cam and a stem The inner body houses a piston engagenent

el ement 1a0d adRangek ©N8298RP I @k 8RBRLg TBEeR] Ston engagenent el ement is
adapted to engage the piston to prevent premature setting of the bridging

hanger ff o d ger I [ . e the

br 1 dgi ngPpiqer e dfel 3B0F BRSNS \BTE R b3y EBHARE RERHNEHE S,
The i nner bo substantial |y _surr ds and.is conpected.to the st of the
i i ng. CBPE g PE® kumARL R PSt bAder O H RS ERD R B Bk B on of
the inner body and the stem \Wen the running tool is positioned within the
bri dgi ngv@lse@housing i aneHhesfrip.-h& Beedraxish far ac@a@éq%@agal#W% BerfgpRing
longitudinally relative to the inner body. The |ongitudi nal novenent of

t he camtedittedas] dnidesepli the bridging hhagwydo tlengagehengereindnesial$ a packdf Inytheut war d.
When t he hanger engagenent clenent is engaged with the bridgi ng hanger,

rotati ona@t tifeThd Rlldwid leclAgisemieolsd B8 $rondR\E theappidblethnal Iy rel ative
to the inner body. The piston substantially surrounds the inner body and

the p stQuhirs e Ghethti:t he stemso that the piston and the stemrotate
and rmvesql onglnfudl naf‘?y %n uni son. MON When the bridging hanger is to be

set and d, the, pisto agenent .el enent engages, t he pi ston

pr event i[h@ﬁ]ﬁ% %)I SPBﬁdWGSROﬁDn@F %’deﬁ%héﬁhﬁﬁiuﬁ’af’l %.pgzlgaﬁo@es e{goar%d;éésfsnﬁer
body, and. thus, the bridgi ng hanger packof romsettin rematurely. Once
the bri dgidsEenaiger arfégl?%eﬁ bedgmg duhedshs ?ttfttﬂ eoeb g Lk & 08 Pk her,
causing the camto nove further longitudinally relative to the inner body,
t her eby tript rThetritrgng kel pi eqroprised pagererar beldpnepistonTheapi, snda sk Abw nove
longitudinally relative to the inner body to set and test the bridging
hanger packdbily Bouet aesor epdagoment eléthentmdw lngger engagement element. The

piston engagement element is adapted to engage the piston to prevent premature setting
of the bridging hanger packoff. The hanger engagement element is adapted to engage the
bridging hanger, thereby locking the running tool to the bridging hanger. The inner body
substantially surrounds and is connected to the stem of the running tool. A cam is
connected to and is positioned between a portion of the inner body and the stem. When
the running tool is positioned within the bridging hanger, rotation of the stem will cause

the cam to move longitudinally relative to the inner body. The longitudinal movement of



[0007] Figure 1 is a sectional view of a nming tool constructed in
accordance with the present technique with the piston cocked and the hanger
and pi ston engagenent el enents retracted. [0008] Figure 2 is a sectional
view of the running tool of Figure liii the running position with the
hanger engagenent el enment engaged and the piston engagenent cl enent

ext ended. 10009] Figure 3 is a sectional view of the running o of Figure 1
in the bdgi.ng

L 3d sed
From the. ey Gaaes nafeReps 33r%ér%H%%ﬁe%@%*eg??%%%ﬁﬁma@&%@ﬁe' 'thﬁlaﬁ%%ng
tool of F ure | in ng bri [,OO Figure 5 sectlo
Viow of tHEER G RET TR GIent M GPE T ITh e R RET PR b RSen BH i ¢ b
t he piston engﬁgenent element retracted. [00121 Figure 6 is a sectional
vi ew of tFaise Herisay e meve bngndnly lfslthett% ghepapwdiorly s dhe pisson subatantidd 3]
Figure 7 is a sectional view of the running tool of Figure 1 in the
unl ocked pusiunioihewirten bodeatvhihg @istengagementd teltkersam sditbanyapietn aDdtla | ed
Description of the Invention:
stem rotate and move longitudinally in unison.
[0006] When the bridging hanger is to be set and tested, the piston engagement element
engages the piston, preventing the piston from moving longitudinally relative to the inner
body, and thus, the bridging hanger packoff from setting prematurely. Once the bridging
hanger has been set and tested, the stem is rotated further, causing the cam to move
further longitudinally relative to the inner body, thereby retracting the piston engagement
element. The piston may now move longitudinally relative to the inner body to set and
test the bridging hanger packoff.
Brief Description of the Drawings:
[0007] Figure 1 is a sectional view of a running tool constructed in accordance with the
present technique with the piston cocked and the hanger and piston engagement elements
retracted.
[0008] Figure 2 is a sectional view of the running tool of Figure 1 in the running position
with the hanger engagement element engaged and the piston engagement element
extended.
[0009] Figure 3 is a sectional view of the running tool of Figure 1 in the bridging hanger
landing position with the piston and stem released from the inner body.

[0010] Figure 4 is a sectional view of the running tool of Figure 1 in the bridging hanger

set position with the piston engagement element engaged with the piston.



10014] Referring to Figure 1, there is generally shown an enbodi nrent for a
"running tool 31 that is used to set and test a bridging hanger 53 (Figure
2) and a bridgi ng hanger pac, koff 103. The running tool 31 is conprised of
a stein 33. The stem 33 is a tubular nenber with an axi al passage 35

ext endi ng therethrough. The stem 33 connects on its upper end to a string
of drill pipe (not shown). A |lower portion of the stern 33 ha.s threads 37
hi its 1 - - I ' t.00| - and 39 t hat
sur r ound o ET S 1 g B e, B D ner
body 39. The inper bo 39 has upper . body portion 41 and a | ower body
portion p4’§‘.t‘°f1%%6t{‘e?ﬁ e&&%genﬂ)egggleﬂgﬁﬁe%&ﬁ% of the inner body 39 is
connected to a bearing cap 45.. The bearing cap 45 has thr eadsé;}(? fal ong its
i nner sUPYRIdigwate Hre sevgagedewi Ahthe HenmRg derlsofaligers 1 e tuper<odiutdtace of
the stein 3%. The | ower portion 43 of the inner body 39 and the bearing cap
45 housegwsi@iohanger engagenent el enent 49. in this particular enbodi ment,

t he hanger engagenent elenment 49 is a set of dogs having a snooth inner

sur f ace [aNMB)FigaBtDW &hectidiabvieuof abe runiligy ceult @UFgdrooUtiarths wiflededi s
adapted to engage a conplinentary contoured surface Si on the inner surface

of the BykiighREHNAE88IzePdngagiiemt etlé]ﬁeﬂ?ﬂ%ﬁ%aégﬂ.gage”em el ement 49 is
engaged wth the bridding hanger 53 2). 10017] The | ower body portion 43

of the iﬂquﬁ (PBQ% ﬁ)%ioﬁlﬁghpﬂ}{?segﬁoﬁ\' pi ston engagenent el enent 55, positioned
a di stance -fromthe anger engagenent elenent 49. In this particular

enbodi 1 st on. engagenent el enent. 55 is ri.ng having a snoqth

i nner gﬁﬁé%?‘“‘i ngt?:g}ﬁu{)%ie eI5 Ut &FICLRPY Shoan %ﬁﬁa@id“}qﬁ@ @6\%&’”88%!? ortion
43 of the inner body 39 has an inner recess with threads 63 along its
rface. Alcphisemed thoreandbiashednidghe kanga 33 (Hityre Re andachrideee 83angst  he

i nner body 39. The cam 65 has threads 67 on its outer surface that are iii
engage mgratkoff 163.t Aae trimmeag ©063 1 on cohprisdrdfacgemf33% h€hd saer3% scssibofart he

| ower body Dii 43 of the inner body 39. The cam 65 and the stem 33
are conngghied with enexianpishele SUehetdiad tieadh@agRnd ht Reens B8roddedtObbie i N
unis ¢ cam 65 may nove axially relative to the inner body 39, independent

from the, g%ﬁg@@%yaggglnf&@ hﬁﬁ)é [t GRBWAD %%&é}f;%%{ligl?oﬁh@@eénb@%g%enect ed

to one ah s of a -rotation keys. An out er y or

pi ston 8% S{Ilr#oungls tfheﬂffft em 33 and substantial portions of the inner body
39. The P8t B35 %" ESM&¢ ed to the stem 33 such that the two rotate and

nove in unison. A piston chanber 85 is forned betlﬁen an per surface of
t he uppdPOkdchrepsrring ool 31des apdner hedy B At sgrroynls dhe emre 8s Pisr¥§Bns of
the piston 83, and outer surface portions of the stem 33. The piston 83 is
initiall3 exppels wfallyothkeghpbs iiticorbode|38t | Vee tmer thedy BAehasbwdyp®9;bodgani ng
that the area of the piston chanber 85 is at its possible value, allow ng
for the pprisdrofl 83 4 loweebellyi petioldoinwar d.

[0016] The lower body portion 43 of the inner body 39 is connected to a bearing cap 45.

The bearing cap 45 has threads 47 along its inner surface that are engaged with the

threads 37 on the outer surface of the stem 33. The lower portion 43 of the inner body 39

and the bearing cap 45 houses a hanger engagement element 49. In this particular

embodiment, the hanger engagement element 49 is a set of dogs having a smooth inner

surface and a contoured outer surface. The contoured outer surface is adapted to engage

a complimentary contoured surface 51 on the inner surface of the bridging hanger 53



100201 A setting sleeve 101 is connected to -the |ower end of the piston
83. The setting sleeve 101 carries a paekoff seal 103 which is positioned
along the lower end portion of the setting sleeve 101. The pac. koff seal
103 will act to seal the bridging hanger 53 to a high pressure housing 111
(Figure 3) when properly set, Alatch ring 104 is connected to the inner
surface of the setting sleeve 101 and the packoff seal 103. The | ower
surface I [ i : ' Y - er
cont our cd" L PSIBNER TR clcRE 201 theh B Rith O BidefERMARY 3B,
preventing novenment of the setting sleeve 101 downward relative to the

i nner body 39, and thus, premature setting of he packotT seal 103. Wite
piston 83 is in the upper position the packoff seal 103 is spaced above the
bri dgi ng KWhgefhswer Beéylpomnéﬁeeféb%r@ﬁr BodyedY alsphopses aqugioe angagemEat out er
surface of the running tool 31 between the piston 83 and the setting sl eeve
101 and eslpaatsSy,aphisiidngd whdistanee dhim itbe dppgérechgdgemevdr cemanti 49. tlnethéby
seal i ng between the running tool 31 and the high pressure housing 111

(Fi gure 3artidfif¥Z2dbodaheits the gidten ErigdhéBent,cldner®BeRA4 HAP havifg @lshofidinhyr run
and installed. pac,koff 106 (Figure 3) is unable to pass the pressure test,

possi bl y Gugct ohdRERAseN olifdaesirplceri or tall of the well head housing il
(Figure 3). In order to remedy this, an enmergency or bridging hanger 53 is

to be ins ' h Lng ikl rder_to install .the
emer gencyﬁ) g#]gﬁlléd%i ﬁgﬁﬁggéﬁﬁgg‘? (ﬁl{gé %‘%‘r?ﬁ:bﬂ‘éy ? gc})’g > 3% TS \gft|1>;hreads
positione uch.that it extends axially through the bridging hanger 53. The
i ston 83 Qo7 iSiRASUFAE  AotiBASHOSPEGRCT THECER (HigiAl haPBLACHRERO! |
seal 103 is carried by the setting sleeve 101 which is connected to the

pi st on 83Fccephef thmineigbedyod9.3The samddehasdhraats 67 Ioa itsr duleyi gfahatipe ares® unt i |
the outer surface of the inner body 49 and the bearing cap 45 of the

runni ng temghgedens|with tigl threadgadgeon e snfiee uhé doeerakcdshefbihé dgiergbdignger
53. [ 00231 Once the running tool 31 and the bridging hanger 53 are in

abutting meféal ofithe iARe APLIVEr Thé REmMSERIaAd 3B keend 98 Akr@dohR¥fed to one
revolutions. As the stern 33 rotates, a portion of it unthreacis fromthe

revol or t eac
downwar o Tolr PR " El B e R 2 RoRke R Do T B S AR Tok 1 ve
to the i body. 39, .th 5,501t gt ' ' d,sinult I

unt hr ead DB T BRGS0 e e BROREC AR Ha? Py TR GROGPE 1 at i ve

to the inner bo?y 39. A first_shoul der. 107 on the outer surface of the cam
65 makes @BHIRRT e si5m Hemay Ry spnnshipdde preanotherdiyaneans @it antiyotatieksdd- and i n
engagi ng contact with the profile 59 on the inner surface of the bridging
hanger 5300tHehkrebyten badydpr patontd jummeenddithdysted® 38 ant kebdaritad pagionanfte 53.

Si mul t aneously, a second shoul der 108 on the outer surface of the earn 65
makescontiagdr baidiy 139t HEhgppiStoanseigaghagedteRnierb33 Juoh ¢hdlghé twé astarl dny
outward. Once the running tool 31 and the bridging hanger 53 are | ocked to

one anot hggve fNfidodN A PetdPOhaniblr B3ds FhiendriedIt A @53E rsulfi%ga(g?clh% g fél‘ed

down the riser into the high pressure housing Il until (

hon S8R bR YU ARSI R0ER f hror e

addi tional revolutions,.in th : . . »
Surface portions (r)}s the stem ?3. The piston 83 is initially in an upper or cocked position

relative to the inner body 39; meaning that the area of the piston chamber 85 is at its
largest possible value, allowing for the piston 83 to be driven downward.
[0020] A setting sleeve 101 is connected to the lower end of the piston 83. The setting

sleeve 101 carries a packoff seal 103 which is positioned along the lower end portion of



same direction. As the stem33 is rotated relative to ther body 39, the
stem 33 conpletely unthreads fromthe hearing cap 45, freeing33 and the
pi ston 83 to nove further longitudinally drhAmnard relative to the inner
body 39 and the bridgi ng hanger 53. As the stern 3% and the piston 83 nove
further longitudinally downward relative to the inner body 39, the bridging
hanger 53 lands within the casing hanger 112. However, as illustrated by a

0o REASETUALE 1, R 58,708 Dy e
Fi 4, i i I i : i i
o 9 b SRR SRS g DL Pt RS, o

33 and the piston 83 nove further |ongitudinally dowward relative to the

i nner bddy/in3g; sugfgee phihe setting glegoy! M andibe gagkofinigak] CevEherlovenndfach@f packof f
seal 103 abuttingly contacts the piston engagenent el enent 55, pc-venting

f urt her tholatctenhg dévineeaddpted to hbugieglyi ogntadt dby @utkd Lonwluedd sweface dfhéei nner
body 39, and thus, premature setting of to pael coff seal 103. As the weight
is appl ip‘%ﬂoﬂ@ﬂghg@ﬁlént%kﬁl&ﬁ 55 ABEOEE PngaRld, pRYentidiemseahertQf B pearidg

radi ally outward, sealing between the unning tool 31 and the high pressure

housi ng idebe 180QBRhwhFd tIRIREOREBIHRBbdF ROWIIA Bius2PreBRRAHL AbtRb Wehe

preventer (not shown) are closed and flulid pressure is applied down the
annul us. _The.el LRIl e.se 10 eal s het.wee he., I gnni t. and
the i gk paeSaf B oNBI §iSERs i s ye REFE Rl PR GHT0A R Bagfd 557,
build ungil %% farce t he 2ten133, pi ston 83, inner body 39, arid bridging
hanger %3° REAENEBRIZE Y t 0 the casing hanger 112. The engagement of the
latch ring 104 with the piston engagenent el ement 55 prevents the novenent
of the J0@h /gBelagiametie spilstionisgdecated anithe opisr sHefagenple theppapingaoolndl t he
stem 33, piston 83, inner body 39, and bridging hanger 53 nove

si mul t aetuzh ythe pistwa8d and hiee sawnerelatveatl s amdh dxsmdb sadiléy bhedgvaighthanger 53
to the casing hanger 112. The seal between the bridging hanger 53 and the

easi ng ha dddBwh@l best efleleyy apPing BewlebtitHe RULSSEHt60IdOWHNt M@ dikh! pi pe.
100271 Referring to Figure 5, the stein 33 is then rotated four additional

revoIuti%gggggoggﬁg?ﬁgaggkﬁggtion. As the stem33 is rotated relative to

the innér nmoves longitudinally dowward relative to the

rer bod t.ne cam 65 nmoves | ongi t udi nal downwar d.rel atji v t he

i nner bﬁ@@ﬁiéﬁﬁ?ﬂggﬁ?zg] egnGbagﬂﬁﬁ?%éWéWEﬁPME%HF%a%%ﬁF%ﬁﬁgPaggﬁﬁéégoutmard
by the cam 65, and noves radially inward, thereby allowi ng .the piston 83,
set ti ng (B1g8Es/d is onable iripass dkopresyiesatest passitly ABG & faragsen SRGHPIWRARI at i ve
to the r body 39. Weight is then applied dowward on the string of dril

pi pe (nof tshowllapdl bobsesiéht(Figuro 3Ehe[nseré¢mt<836m¢di' the g1 smorge8@y oAs t he
stem 33 and the piston 83 nove further longitudinally dowward relative to
t he i nnéridpadyhad@er A3hie tpae katdlleddalhcl@3liNcaaddoulieg Wween Id belebré dgtatighbanger
53 and the high pressure housing 111. As the weight is applied dowward on
the el aghpRhtE op 8AH iilagian%é?%?%l ruhBRzayPaNds hadlgdoyitieHEaEd, theerl | ng
bet ween the running %ool 31 and the high pressure housing 111.

extends axially through the bridging hanger 53. The piston 83 is in an upper or cocked

position. The bridging hanger packoff seal 103 is carried by the setting sleeve 101 which
is connected to the piston 83. The running tool 31 is lowered into the bridging hanger 53
until the outer surface of the inner body 49 and the bearing cap 45 of the running tool 31

slidingly engage the inner surface of the bridging hanger 53.



[0028] Referring to Figure 6, drillpipe rans (not shown) or an annul ar

bl ower preventer (not shown) are closed and fluid pressure is applied down
t he annul us. The el astonerie seal 105 seals between the running tool 31 and
the high pressure housing 1 1 1, allow ng the pressure above the seal 105
to build until it forces the stem 33 and the piston 83 longitudinally
downward relative to the inner body 39. As the piston 83 noves downward,

o, TR AR B 4R SR L Mt =
b I I head h 11..Th i 83 d d
somcvel |, hokS BB Ay Koo EREP S5 RHES AL RGP Sy

elimnated and the piston 83 and the _ inner body 43 are in contact with one
anot her . {"0‘{‘}2@]‘33@1@@@ Hee deatiny @2 3 W len seswidarad dhe Rifen pdkKBeYe seal
103 is set, the drill string (not shown) and subsequently the stem 33 and
pi st on 8310agi§ucbnﬂllyethIIngd1mldtiimtloltbe upwabody 3. als te ttant3Rds rotated rdatiye 39
with sufficient force to rel ease the paekoff seal 103 fromthe setting

sl eeve 10th.th&mnkehBodt IINti3canngs trhtatepiis i@BorBand @il thsdakkyushitiiaddsyrdmp ey d
relative to the inner body 39, the weight is renoved fromthe el astoneric

seal 105 @pg dddymVER heeHsa t f the
wel | head housi ngrglgll ta‘&gesr !éﬂé%itdgerﬁw%&ﬁofﬁlgs“ fﬁp %?%h{‘éﬁgvtvﬁ%gggp t%dg%beaﬁ%l%(s)tg

Fluid pre appl I t up ari kof f
seal 103, &t%ﬁfedr%rebl%’/t g@ttbg%ug%%%gglg%%eggl ngsto i gg(?na é é‘l Backof f
seal 103 has been ested% the.stem %gﬁ is then roI at ed thl n addi t i gnal
revohi t i oSN feEingofi. ragially puteird andam eagagpeacaadact avith fhge ¢ o

t he inner body 39, the cam 65 noves | ongitudinally downward relative to the
i nner bodgroBl. 5%en thsaneerrsuriaee eothe dridevgi hengimd, terehyvieaking theeinaer haslyt o t he

i nner body 39, the hanger engagenent elenent 49 is no |onger forced outward
by the caifi t@&he bndginpuaser 48l 8irhyltanaoesiyd .a, set drelr shoyldanl @&cén thg oubee sutfivei Ng
tool 3] fromthe bridging hanger 53. The running tool 31 may then be

removed fgfometdag W8 Inhdkes @omack Weth Uhe 9ktéd chf@implekars: 530@3didg Thadigghni que
has significant advantages. The running tool |ncludes a pi ston engagénent :

el ement t Al 1OWR e anhf#%‘ 10891 32NEEhe ‘Bﬁﬁ %ﬁﬁ%{}fsf.% a???dok&@up Se}%tﬁteheﬁnd

tested int e sane tri e piston engag enmen reven

premature, settin a the bri dgi.n nger .i s set. and
Pested. anariiifiiodl af dEaBRsEHmns Bihest taﬁelwé?sﬁﬂ?@gﬁaﬁ % g ¢ high
subsequentl y set and tested. [0032] Wile the technique has been shown in
onl'y one RIESsPEeshqusings! lilundih She Pridaing pprece Rt coBlct HO&B! SRt daravipushieruar t
that it is not so limted but is susceptible to various changes wi thout
depart i ngcaingdenges 142 Opiguesf3)t he techni que. Patent Apnlicatori Pais List

[0024] Referring to Figure 3, the stem 33 is then rotated four additional revolutions in the
same direction. As the stem 33 is rotated relative to the inner body 39, the stem 33
completely unthreads from the bearing cap 45, freeing the stem 33 and the piston 83 to
move further longitudinally downward relative to the inner body 39 and the bridging
hanger 53. As the stem 33 and the piston 83 move further longitudinally downward
relative to the inner body 39, the bridging hanger 53 lands within the casing hanger 112.
However, as illustrated by a gap 113 between the bridging hanger 53 and the casing

hanger 112, the bridging hanger 53 is not yet fully set and sealed.



m mng tool 33 ---35- axial passage -- threads 39 inner body 41 upper body
port= 43 | ower body pot ton - hearing cap 47 - threads 49 hanger engagenent
dntm 51 --- contoured surface

[0025] Referring to Figure 4, weight is then applied downward on the string of drill pipe
(not shown) and subsequently to the stem 33 and the piston 83. As the stem 33 and the
piston 83 move further longitudinally downward relative to the inner body 39, the latch
ring 104 of the setting sleeve 101 and the packoff seal 103 abuttingly contacts the piston
engagement element 55, preventing further movement downward of the setting sleeve
101 relative to the inner body 39, and thus, premature setting of the packoff seal 103. As
the weight is applied downward on the elastomeric seal 105, the seal 105 expands
radially outward, sealing between the running tool 31 and the high pressure housing 111.
[0026] Drillpipe rams (not shown) or an annular blower preventer (not shown) are closed
and fluid pressure is applied down the annulus. The elastomeric seal 105 seals between
the running tool 31 and the high pressure housing 111, allowing the pressure above the
seal 105 to build until it forces the stem 33, piston 83, inner body 39, and bridging
hanger 53 downward relative to the casing hanger 112. The engagement of the latch ring
104 with the piston engagement element 55 prevents the movement of the stem 33 and
the piston 83 relative to the inner body 39. As the stem 33, piston 83, inner body 39, and
bridging hanger 53 move simultancously downward, the movement sets and seals the
bridging hanger 53 to the casing hanger 112. The seal between the bridging hanger 53
and the casing hanger 112 is tested by applying fluid pressure down the drill pipe.

[0027] Referring to Figure 5, the stem 33 is then rotated four additional revolutions in
the same direction. As the stem 33 is rotated relative to the inner body 39, the cam 65
moves longitudinally downward relative to the inner body 39. As the cam 65 moves
longitudinally downward relative to the inner body 39, the piston engagement element 55

is no longer forced outward by the cam 65, and moves radially inward, thereby allowing



5% -- bridging banger 55 - piston engagenent clenent 63 - threads 65 cam 67
t hreads 83 outer body/piston 85- piston chanber 101 - setting sleeve 103
--- packoffseal 104 latch ring

the piston 83, setting sleeve 101, and packoff seal 103 to move further downward relative
to the inner body 39. Weight is then applied downward on the string of drill pipe (not
shown) and subsequently to the stem 33 and the piston 83. As the stem 33 and the piston
83 move further longitudinally downward relative to the inner body 39, the packoff seal
103 lands between the bridging hanger 53 and the high pressure housing 111. As the
weight is applied downward on the elastomeric seal 105, the seal 105 expands radially
outward, sealing between the running tool 31 and the high pressure housing 111.

[0028] Referring to Figure 6, drillpipe rams (not shown) or an annular blower preventer
(not shown) are closed and fluid pressure is applied down the annulus. The elastomeric
seal 105 seals between the running tool 31 and the high pressure housing 111, allowing
the pressure above the seal 105 to build until it forces the stem 33 and the piston 83
longitudinally downward relative to the inner body 39. As the piston 83 moves
downward, the movement of the piston 83 sets the packoff seal 103 between an outer
portion of the bridging hanger 53 and the inner diameter of the subsea wellhead housing
111. The piston 83 moves longitudinally downward relative to the inner body 43 until
piston chamber 85 (Figure 1) is eliminated and the piston 83 and the inner body 43 are in
contact with one another.

[0029] Once the piston 83 is driven downward and the packoff seal 103 is set, the drill
string (not shown) and subsequently the stem 33 and piston 83 are pulled longitudinally
upward relative to the inner body 39 with sufficient force to release the packoff seal 103
from the setting sleeve 101. As the stem 33 and the piston 83 move longitudinally
upward relative to the inner body 39, the weight is removed from the elastomeric seal 105

and it moves radially inward, disengaging the inner surface of the wellhead housing 111,



105 - el astonerie seal 106- packet( seal 107 - first shoul der 108 second
shoul der 11l bigh pressuretsng 112 --- casing banger 113

thereby permitting fluid flow past the seal 105. Fluid pressure is applied down the
annulus to the upper side of packoff seal 103, thereby testing it.

[0030] Referring to Figure 7, once the packoff seal 103 has been tested, the stem 33 is
then rotated four additional revolutions in the same direction. As the stem 33 is rotated
relative to the inner body 39, the cam 65 moves longitudinally downward relative to the
inner body 39. As the cam 65 moves longitudinally downward relative to the inner body
39, the hanger engagement element 49 is no longer forced outward by the cam 65, and
moves radially inward, thereby unlocking the running tool 31 from the bridging hanger
53. The running tool 31 may then be removed from the wellbore and returned to the
surface.

[0031] The technique has significant advantages. The running tool includes a piston
engagement element that allows a bridging hanger and a packoff seal to be set and tested
in the same trip. The piston engagement element prevents the premature setting of the
packoff seal as the bridging hanger is set and tested, and is then disengaged to permit the
packoff seal to be subsequently set and tested.

[0032] While the technique has been shown in only one of its forms, it should be
apparent to those skilled in the art that it is not so limited but is susceptible to various

changes without departing from the scope of the technique.
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CLAIMS A running tool for setting and sealing a well|l pipe hanger in a
wel | head nenber, the running tool conprising: an el ongated stem having an
axi al passage; an inner body substantially surrounding and connected to the
stem such that rotation of the stem causes the stemto translate axially
relative to the inner body; a piston connected to the stem such that the

pi ston and the stemrotate and translate in unison, the piston

subst ant pal i rtions of the stemand the inner body, the
pi ston hg%fnlﬁ%;\gﬁgcré@wgé&%“ggve; a packoff nounted to the setting sl eeve of

he piston; a ELston engagenent el enent carried by the inner body and
adapt ed gb_Bg'Bﬂﬁgﬁﬁd the setting sleeve to linit downward novenent of the
packoff at —af™ ntermedi ate | ocation of the packoff and stemand to prevent
axi al movemsital pissegfe stem and the piston relative to the inner body when
setting ahdthesds ng the wel | pipe hanger, and a seal carried by the running
t ool thad9engagésdyn i nner di aneter surface of the well head nenber enabling
hydr aul i 41 fluppet prdegettier t 0 be applied to the piston so as to set the well
pi pe hanger |ane boayeotthe pi ston and the packoff fromthe internediate
posi ti ong4 0 paarsed cdposi ti on.

47 — threads

49 — hanger engagement element

51 — contoured surface

53 — bridging hanger

55 — piston engagement element

63 — threads

65 —cam

67 — threads

83 — outer body/piston

85 — piston chamber

101 — setting sleeve

103 — packoff seal

104 — latch ring

105 — elastomeric seal

106 — packoff seal

107 — first shoulder

108 — second shoulder

111 — high pressure housing

112 — casing hanger

113 — gap

) o\_‘)}
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2. The running to tool of claim1, wherein the running tool further
conprises: threads on an inner portion of the inner body; a cam positioned
bet ween the stem and the inner body, the cam connected to the stem such
that the two rotate in unison but transl ate independent from one another,
the cam having threads on its outer surface and first and second downward
facing shoul ders positioned adjacent thereto, the cam being threaded to the
inneréﬁPq&' a hanger engagenent el enent, carried by the inner body and
adapt AlfSye engaged with the hanger, the axial novenent of the stem
relative to the inner body causing the first shoulder to contact the hanger

engaggnment & u‘ﬁﬁﬁgg?&@& TG dnl deaftiPh Wil ng"f’%ﬁgeﬁﬂ% Wélihe R AReRAtL i th the

hanger to releas y secure the running | to the hanger; and the axi al

nmovenent Ofrvlﬂ'nﬁ‘g {%%Brﬁ&#ﬁd:ve to the inner body simultaneously causing the
second shoulder"to contact” the piston engagenent el enent and nove it

radial l'y oupvas a{gst%%gﬁga)ﬁ;?ﬂ@giga@g; pi ston to thereby prevent

premature setting of the pa The running to tool of claim1, wherein
the running tool further conprises: a latch ring connected to the piston

and adapt edntigndt@opgaigashtisly butdimdpigdrancopngage tetie sedresect thahetatiohe
runni ng tool sets and tests the well pipe hanger, thereby preventing axial

novement  ofof tHeestsih@AUSEkhE Beenpickansiate batilyweldtioe ththeiimg@bobipdy, and thus,
premature setting of the hanger packoff.

a piston connected to the stem such that the piston and the stem rotate and translate

in unison, the piston substantially surrounding portions of the stem and the inner

body, the piston having a setting sleeve;
a packoff mounted to the setting sleeve of the piston;

a piston engagement element carried by the inner body and adapted to be engaged
the setting sleeve to limit downward movement of the packoff at an intermediate
location of the packoff and stem and to prevent axial movement of the stem and the

piston relative to the inner body when setting and testing the well pipe hanger; and

a seal carried by the running tool that engages an inner diameter surface of the
wellhead member enabling hydraulic fluid pressure to be applied to the piston so as
to set the well pipe hanger and move the piston and the packoff from the

intermediate position to a set position.

2. The running to tool of claim 1, wherein the running tool further comprises:

threads on an inner portion of the inner body;

a cam positioned between the stem and the inner body, the cam connected to the

stem such that the two rotate in unison but translate independent from one another,

12



4. A running tool for setting a well pipe hanger and an annul ar seal in a
subsea wel | head nenber, the running tool conprising: a running tool nenber
adapted to position the well pipe hanger and the annular seal within the
subsea wel | head rrerrber' a pi ston adapted to set the annular seal in the

b | I head t t dt t. 1h t
romsetti ngﬁ}%ncg% A P e s A e ﬁa%o%ﬁ batenetdtae |
[ h t t of
ot or mad at e SRS e asiareal (Bt ramkeino hiEReB I SR 4ot
annul ar seal to be set in a single trip, the internediate p03|t|on of the

annul ar seal kﬁ%hﬁé} &gﬁ&%ﬁ%}é 0<{Perﬁ§r‘it""8§'rﬂ @bf/ Hﬂefe\hﬂ& fod ahu%ﬁeeaﬁ ?B e

t
seal set positio al cartie runni g t oo es an

i nner di anet @Lh g%{)lﬁﬁ@gr e xiSHRS R AR o {P\%as({ierﬁ?é\gﬂl\)eq% thY B ?Pﬂ)éoé/ Jah

pressure to to the prston so as to set anger and

move the i Sh/hafohiie: BRI th%%nﬁgrrQrgaapgﬁ]ehpélg%gﬁpér%trﬁf)w&Patéin‘laﬂ to the

annul ar seal set position e runni according to clalm erern

the engagene gl akehRTTAHERbAER BRGNS RS §8Purind 81 NI NG

t ool nenber
the hanger; and
the axial movement of the stem relative to the inner body simultaneously causing the
second shoulder to contact the piston engagement element and move it radially
outward for engagement with the piston to thereby prevent premature setting of the

packoff.

3. The running to tool of claim 1, wherein the running tool further comprises:
a latch ring connected to the piston and adapted to be engaged with the piston
engagement element when the running tool sets and tests the well pipe hanger,
thereby preventing axial movement of the stem and the piston relative to the inner

body, and thus, premature setting of the hanger packoff.

4. A running tool for setting a well pipe hanger and an annular seal in a subsea
wellhead member, the running tool comprising:
a running tool member adapted to position the well pipe hanger and the annular seal

within the subsea wellhead member;
a piston adapted to set the annular seal in the subsea wellhead member;

an engagement system adapted to prevent the piston from setting the annular seal
until the well pipe hanger reaches a well pipe hanger set position by limiting
movement of the piston in an intermediate position, thereby allowing the well pipe

hanger and the annular seal to be set in a single trip, the intermediate position of the

13



a hanger engagenent el ement, carded by the inner body and adapted to be
engaged with the hanger; and a piston engagenent elenent carried by the
running tool nenber and configured to nove radially outward for engagenent
with the piston to thereby prevent premature setting of the annular seal in
response to axi al vement of the stern relatiye to,the running tool
nenber . Thénf‘ﬁlﬁh???éng?'ﬁgla %E'BP&}’F%%L”@ Unging,Pesitigh apd AR af‘ﬂ@a%ﬁ?gagrrent
system conprises a piston engagenent elenent carded by the running tool
nember and PREERR Mt o nove radially inward to allow the piston to set the
annul ar seal. A running tool for setting a well pipe hanger and a packoff
of the well, pi nj .S a | tem
naving an Sl CoshBLaTle ding WAPREchoRles AT M bio Rl PR e
connect ed he : ' : rnto
transl ate g’%uéﬁdy&%ra&mﬁHgéga@%afﬁﬁigge%%%g@%%??a %g%%ﬁi{%gﬁﬁgﬁagg?g%ﬁbg t he

stem such thgt iéeg}%r@ie%%]m%ogtﬁegﬂst% Sy %%n%%zﬁ%galtﬂ:&ﬁ'ﬁ!eﬁht%ﬁﬁgdi%i son, the

pi ston substa surroundi ng portions € stem an e I nner body; a

pi ston en9?%§@§r2¥optﬁ%%ﬁﬁﬁ'l%g§@eﬁ%t Sﬁ%n_t he i nner body and adapted to be

engaged wi t™h’ i ston préevent axial novenent of the stem and the
piston relative to the inner body when setting and testing the well pipe
hangers, The running tool according to claim 4, wherein the engagement system comprises:

threads on an inner portion of the running tool member;

a hanger engagement element, carried by the inner body and adapted to be engaged

with the hanger; and

a piston engagement element carried by the running tool member and configured to
move radially outward for engagement with the piston to thereby prevent premature
setting of the annular seal in response to axial movement of the stem relative to the

running tool member.

6. The running tool according to claim 4, wherein the engagement system comprises a
piston engagement element carried by the running tool member and adapted to

move radially inward to allow the piston to set the annular seal.

7 A running tool for setting a well pipe hanger and a packoff of the well pipe hanger,
the running tool comprising:

an elongated stem having an axial passage;,

an inner body substantially surrounding and connected to the stem such that rotation

of the stem causes the stem to translate axially relative to the inner body;
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threads on an inner portion of the inner body;, a cam positioned between the
stem and the inner body, the cam connected to the stem such that the two
rotate in unison but translate i ndependent from one another, the cam having
threads on its outer surface and first and second downward faci ng shoul ders
positioned adjacent thereto, the cam being threaded to the inner body; a
hanger engag@mEitn gqr@ﬁgﬁp,towsrt?r@@uspthaﬁ@q RipiaR apE e SiRE rat?é%?'é‘atr?'bsﬁi C
engaged with the hanger, the axial novenment of the stemrelatjve to the

i nner body c&Uﬁl'?’fﬁ"E*}?eO'?tP'P§Pb$§%l§‘|")ﬁé?”?‘ﬂ‘%@rﬁ%‘f“st‘ﬂéh%%iﬁ@eﬁndéh@é@@ﬁent

el ement and nove it radially outward and in engagenent with the hanger to
rel easabl y sBedfe the runni ng tool to the hanger; and the axial novenent of
the stemrelative to the inner body simultaneously causing the second

cutvard for SNALHReSRrRBReFRARETEr belhETEhy ARdoBHE ot B, 1 g
of ‘the packoffy, & &strﬁ%‘p%%ﬂitoa% | hiiveREht b1e 8iath S&Rh i Pe'(ljétﬁ?'t@ ghanger
nger, P e runni a[OOq conp ng. an eF ngated s

f
in a casing na g ng risi em havi ng

an axial pas : gq | nner.,. o%y gtlﬂﬁ i.all rroundi ng and connected to
the stem sucﬁ%gﬁ%? ro#eg\slect)th'%o C“%e tggnwggtﬁ)' éasﬁehqgestem to translate
axially relative to the inner body;

threads on an inner portion of the inner body;

a cam positioned between the stem and the inner body, the cam connected to the

stem such that the two rotate in unison but translate independent from one another,

the cam having threads on its outer surface and first and second downward facing

shoulders positioned adjacent thereto, the cam being threaded to the inner body;

a hanger engagement element, carried by the inner body and adapted to be engaged
with the hanger, the axial movement of the stem relative to the inner body causing
the first shoulder to contact the hanger engagement element and move it radially
outward and in engagement with the hanger to releasably secure the running tool to

the hanger; and

the axial movement of the stem relative to the inner body simultaneously causing the
second shoulder to contact the piston engagement element and move it radially
outward for engagement with the piston to thereby prevent premature setting of the

packoff.

8. A running tool for setting and sealing a bridging hanger in a casing hanger, the
running tool comprising:

an elongated stem having an axial passage;

an inner body substantially surrounding and connected to the stem such that rotation

of the stem causes the stem to translate axially relative to the inner body;
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a piston connected to the stemsuch that the piston and the stemrotate and
translate in unison, the piston substantially surrounding portions of the
stem and the inner body, the piston having a setting sleeve; a packoff
nounted to the setting sleeve of the piston; a ring having a snooth inner

23%%5‘23 ?gdan%‘atéﬁ’Eéé’r%%ﬁ%f&h%ﬁ%ﬁéﬁcﬁ‘iﬁ@?ﬁ%ﬁfé@rn[%%ﬁa?éietm“ SSURAR apCon
nme .eng; ith t i I / Jim
packof L bt SRR s bR Bo e DS ar R e PR upE P o SR e et
carrie t i t ool that i di f
y g’rthunnl n 00 ?e;*ﬁmq glgg?%es an inner dianeter surface of the

wel | head ERET MY A id pressure to be applied to the
pi ston so as to set the bridging hanger and nove the piston and the packoff

fromthe inf &I BALRIARAS tHd il sIBeviels tROS{ohoN-
a ring having a smooth inner surface and a contoured outer surface and carried by
the inner body and adapted to move radially outward in response to axial movement
of a cam member and engage with the setting sleeve to limit downward movement of

the packoff at an intermediate location of the packoff and stem; and

a seal carried by the running tool that engages an inner diameter surface of the
wellhead member enabling hydraulic fluid pressure to be applied to the piston so as
to set the bridging hanger and move the piston and the packoff from the intermediate

position to a set position.
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